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DESCRIPTION

METHOD OF PRETREATMENT OF SAMPLE FOR
QUANTITATING CHOLESTEROL AND METHOD FOR
QUANTITATING CHOLESTEROL IN SPECIFIC

LIPOPROTEINS BY USING THE SAME

Technical Fleld

This invention relates to a pretreatment method for

accurately and efficiently discriminating and quantitating

cholesterol, which exisfs in' the spec;ific lipoproteih fraction,

by simple procedures v_:hiie uéing_ a smaill émount' of a sample,
and aiso to a method for measuring cholesterol in the specific

lipoprotein fraction by using the'pr_:étreatment method.

-Background Art

Lipids such as cholesterol are complexedwith 'apoproteir-xs ]
in blood to form lipoproteins. Depénding on differences in
physical properties, lipoproteins are classified into
ctiylomicron; very low density lipoprotein (VI.DLi . low density
ipoprotein (LDL); high density lipoprotein (HDL), and so on.
Amdng these lipoproteins, LDL is known to be one of causative
substances which induce arteriosclerosis, while HDL is known
to show anti—arteriosclérotic activity.

Epidemiolégicaliy, the level of cholesterol in LDL is

known to exhibit a positive correlation with the frequency of
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onsé.t of art'eriosélerotic diseasewhile the level of cholesterol-
in HDL is known to show an inverse correlation with the frequency
of onset of afteriosclerotic disease. These days ., measurements
of cholesterol in LDL or HDL are, therefore, widely conducted
for 'the_ prevention or diagnosis of ischemic heart diseases.

As methodé. known for the measurement of cholesterol in

LDL or HDL, there are, for example, a method in which LDL or

HDL is separated from other lipoproteins by ultracentrifugal_

‘separation and is then subjected to a cholesterol measurement;

and another method in which subsequent to separation of LbL |
or HDL from 'oth;er lipoproteins by elect'rophbresis. its lipid
is stained_, ahd the intensity of a develobe@ color is Imeasured.
These methods are however not used practically, because they '
involve one or more problems in that procedures are intricate
ahd many samples cannot be handléd.

A method foi: the measﬁremeht of cholesterol in HDL, which

is used at present in the field of clinical tests, is the

. precipitation method in which a precipitation reagent is added

to a sample to agglutinate lipoproteins other than HDL, the
resulting agglutinaté is removed by centrifugation, and
cholester®l in ':Lsolated supernatani: which contains only HDL
is. then measured. This method is simpler compared with
ultracentrifugation 'or.electrophoresis, but due to _the
inclusion of the procedures to add the érecipitation reagent
and to perform the separation, requires each sample is a

relatively large quantity, and involves a potential problem
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of causingan analytical error. Furthermore, the entire analysis

steps of this method can not be fully automated.
On the other hand, enzymatic methods have been _studied

for the fractional quantitatio_n of cholesterol in HDL. Known

‘methods include, for example, to conduct an enzymatic reaction

An i;he presence of a bile acid salt and a nonionic surfactant

(JP 63-126498 A). This method makes use of the fact that an
enzymatic reaction 'prodeeds in pi'oportion to the concentration
of cholesterol in LDL in an initial stage of the reaction and

the subsequent reaction velocity is in propoxrtion to the

concentration of cholesterol in HDL. A problem however exists

in accuracy because the reaction with the cholesterol in HDL

and the reaction with cholesterol in other 1:i_.poproteins cannot -

be fully distinguished.

AJ.so include;d in the kﬂbm tﬁethods is tohave lipoproteins
other :than HDL AQQJ.ut.ihated in advance, to cause cholesterol
in HDL alone to react enzymatically, and to inactivate the enzyme
and at the same time, to redissolve the agglutinate, followed
by the measurement of an absorbande (JP 6-242110 A). This
method, however, requires at least three procedures to add
reagenté so that it can be applied only to particular automated
analyzers, leading to a problem in a wide applicability.
Further, this method is not -satlisfactory £rom the standpoint
of damages to analytical equipment and disposal of the reagents
because of the use of a salt at a high concentration upon

redissolution of an agglutinate.
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A still further method is also known (JP 9-299 A), which
comprises causing, in a first reaction, cholesterol oxidase
and cholesterol esterase to act upon lipoproteins other than
HDL in the presence .of a special surfactant and to 'have

cholesterol, which is contained in such other lipoproteins,

- preferentially reacted. and then measﬁring cholesterol in HDL

while inhibiting any reaction to cholesterol in lipoproteins
other than HDL. This method, however, is considerably

different from the present invention inter alia in that in the "

Eirst reaction, the special surfacté.nt, cholesterol oxidase

- and cholesterol esterase are required at the same time to put,

outside the reaction system, both free cholesterol and
ésterified_ cholesterol in the lipoproteiné other than HDL.
Further, Japanese Patent No. z., 600,065 discloses amethod
which ﬁak_es combined use of a precipitai:ion reagent, which is
adapted_ to cause precipitation 'of lipoproteins other than HDL,
and a cholesterol measuring reagent to meésure cholesterol
(HDL-C) in unprecipitated HDL. This method has practical
utility when a modified enzymé is used as enzyme and
@ -cyclodextrin sulfate is used as a precipitation reaéent.
This method, however, also involves a problem in accuracy in

that turbidity., which occurs as a result of the use of the

- precipitation reagent, interferes with the measurement system.

Cdnce_r:ning the measurement of HDL-C by amodified enzyme,
"SEIBUTSU SHIRYO BUNSEKI (ANALYSIS OF BIOLOGICAL SAMPLES)",

19(5), 305-320, which is considered to be a published paper
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on the above-described patented method, discloses that, under
the recognition of incapability of measurement of HDL-C in a
serum of a hyperlipidemic patient by the modified enzyme due
toa positive error {that is, toresult inahigher value compared'
with that obtained by the precipitation method) induced when
the modifie'd enzyme is simply_introduced.into areaction system,
HDL-C was measured bjr using cyclodextrin sulfate, a polyanion,
and magnesium chioride as a precipitation reagent for the
avoidance of the positive' error.

To reduce the influence of turbidity caused by a

'precipitation reagent in the above-described patented method,

cerltain technique_s arealso l;nown . in.cluding to make'e surf act ant :
exist .concurrently .(JP -8-116996 a), to use an antlbody (JP
9- 96637 A), and to employ a suga.r compound (JP 7-301636 A).
N e

They . however all require asa premise the inclus::.on of areagent
which 1nduces formation of an agglutinate, so that it is
fundamentally indispeneable 'for them to use a .precipitation
reagent such as a polyanion. | |

The present inventors recently found that use of e
substance, which acts upon the specific lipoprotein only, makes
it poséible to accurately quantitate cholestexrol in the
specific 1ipoprotein fraction without using a precipitation
reagent, and filed patent applications (JP 9-244821). This
method has an extremely high corre;ation with the conventional

precipitation method, but compared in measurement values with

the precipitation method, this method is recognized to have



L]

a similar tendency as the above-described method reported i'n.
"SEIBUTSU SHIRYO BUNSEKI . (ANALYSIS OF BIOLOGICAL SAMP]:ES)" .
Toobtaindataconsistentwith thoseobtainedby the conventionél
precipitation method at medical institutions and the like, a
polyanion or the like is added.

From the standpoint of the problem of a tarnish or the

" likeonacuvette and scattering of measurement values, however,’

it is not desired to add a polyahion or the like and to form

a precipitate in a méasureme_nt ) system. Accordingly, it has
been strongly desii:‘ed to .'el.imir_x'a'te- the precipitate from _thé
system. Further, it is alsoleconomic'a'lly unreasonable to use
a-polyanion o:h':.'the like' for making the resulting data consistent .
with those obtained by the _precipitation m'e__thod although thé
polyanion or the like is not neede.d from the standpoint of the
principle of the measurement. Hence, there is also an
outstanding desire for its solution.

An object of the present invention is, therefore, to
provide a method, which can accurately and efficiently
quantitate cholesterol in the specific lipoprotein fraction
by simple procedurgés fundamentally without needing a polyanion
or the like and is suitably applicable to various automated

analyzers.

Disclosure of the invention

The present inventofs proceeded with a thorough

investigation for a cause which may be responsible for the .



1y

1

above-described problem reported in "SEIBUTSU SHIRYO BUNSEKi
(ANALYSIS OF BIOLOGICAL SAMPLES)", that is, the problem that
a value _of cholesterol in the specific lipoprotein fraction
as quantitat.ed by using a substance which acts_ only upon a
specific lipoprotein such as HDL becomes higher than the_
corresponding value.as determined by the precipitétion method;
and came to a conclusion that even from non-HDL lipoproteins
(LDL ., VLDL arid'th_e like) the cholesterol of which is not supposed
to be measured, a small amount of free cholesterol existing
on theii:' surfaces or in the wvicinity of their sui:faces is
1iberatéd fo cause a positive error. BaSed on this f£inding,
it has been found that a cholesterol value obtained by a
quantitation method making use of a substance, whiéh acts upon
a 'specific lipoprotein only, becomes consistent with the
corresponding value obtained by the precipitation method whex_:
the cholesterol value is measured after consuming only free

cholesterol in advance under conditions that lipoproteins

‘remain substantially unchanged, leading to the completion of

the present invention.

Described specifically, the present invention provides
a method for pretreating a sample, which contains various
lipoproteins, prior to measuring cholesterol existing in
specific one of the lix;oproteins in the sample, which comprises
causing an enzyme, which acts upon free chc-)lesterol as a
substrate, to act upon the sample.

The present invention also provides a method for
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quantitating cholesterol existing in a specific lipoprotein

ina sample, which comprises causing an enzyme, which acts upon
freé cholesterol as a substrate, to act upon the sample with
the lipoprotein contained therein; and then measuririg the

cholesterol, which exists in the spedific lipoprotein, by using

a substance which acts upon the specific lipoprotein only.

Brief Description of the Figures

FIG. 1 is a diagram showing a correlation between the

" present invention in Exainple 1 and the _precipitation method;

FIG. 2 is a hd:i.ag_ram showing a correlation betweéﬁ ‘the
pzresent invention in Example 2 and the pxjecipitat:i.on method;
and :

-_lf'IG. 3 is a diagram showing effec_i_:..é__ of. a.reaction

accelerator in Example ‘5.

Best Hodés for Carrying Out the Invention

In the present invention, before measuring cholesterol
existiﬁg'in a specific lipoprotein in a sample, aﬁ enzyme whiéh
acts upon free cholesterol as a sﬁbstrate is caused to act,
as pretreatment, upon the sample such tﬁat the free cholesterol |
is consumed.

As the enzyme which acts upon free c_holesterol as a
substrate, any enzylﬁe can be used insofar as it-acts upon free
cholesterol as a substrate. Illustrative are cholesterol

dehydrogenase and cholesterol oxidase. They can be of any

ThlS Sheet Has Been Rep]aced




origins such as microorganism origins, animal origins or plant
origins, and can also be those p'rep'ared by genetic engineering.
Further, they can be either modified or unmodified chemically.
The enzyme is generally used at 0.001 to 100 U/mL, with 0.1
to 100 U/mL being preferred. | |

No particulér limitation is impdsed on conditions under
which the above-described enzyme, which acts upon free
choles'te:_:'ol as a substrate, is caused to a.ct upon the sample,.
and conditions recommended for the enzyme can be used. It is
howevér r_x_ecess’ary to pay atténtion so that, during a stage in
wfxich the e.nzyme which acts upon free c’h_oleste_rol as a s'ubstat'e )
is caused to act upon the sample, a reaction throﬁgh which an
esterified cholesterol is converted into free cholesteroi does
not take place. Namely, it is not important whether or not
choiesterol esterase exists. ';ﬂhat is -1.1ee'ded is to maintain
conditions such that cholesterol esterase is not allowed to
act practically.

Along with the enzyme which acfs Iupon free cholesterol
as asubstrate, acoenzyme can be used as needed. As the coenzyme,
nicotinamide adenine dinucleotide or the like is usable. Such
coenzymes can be used either singly or in combination. The
amount to be used varies dependingon the éoenzyme . Thé coenzyme
may be used at 0.001 to 100 U/mL, prefex;ably at 0.1 to 100 U/mL,
" although no particular limitation is imposed thereon.
Concerning the enzyme which acts upon free cholesterol

as asubstrate and isusedinthe present invention, nolimitation



is imposed on its origin as described above. 1Its concentration
and the like can be chosen'. suitably to achievé desired
performance and handling ease. Accordingly, if it is desired :
to have the pretreatment completed in a predétermined time,
for exampie, | it is only necessary to use the enzyme in a greater
amOﬁnt, and.if it is converse_iy desired to save.the enzyme,
it is only necessary to make the pretreatment time longer.
In the case of 'a_d:_l.agno_stic reagent 'forl éxclusi_._ire use
in measurements by automated anaifzers . however, it _is desi.r__ed
to meet both of the requirements at the same thhe; _Namély.'
it. is required to complete the pretreatmént in a shbr_t time
by using the énzyme inasmall émount. Insuchacase, concur'reﬁt
existence of a. reaction accelerator selected from the |
below-described group in the pretreatment, which uses an enzyme
which acts ﬁpoﬁ free cholesterol as a substrate, makes it
possible to aghieve desired perfomance with a reduced amount -
of the enzyme withput making the pretreatment time .' longer.
Reaction accelerators usable for the above purpose can
include, lfor example, flufenamic acid, mefenamic acid,
2,2',6',2"-terpyridine, tiglic acid, fusidic acid,
betamethasone acetate, monensin andmevinolin, including their
salts andmetal derivatives (aluminum derivatives and the like)
wherever such salts and metal derivatives exist. Among these,
flufenamic acid and mefenamié acid are known as non-steroidal

anti-inflammatory drugs, and fusidic acid andmonensinare known

as antibiotics.

i0



3]

Upon using such a compound as a reaction accelerator,
it is necessary to suitably choose its concentration and the
like by taking into consideration its physical properties, pH
and ionic strength of the measurement system, and the kinds
and concentrations of substances existing together.

The concentration of the reaction 'accelerator can be
experimentally determined in accordance with conditions of a
measuring system. In general however, flufenam:.c acid can

may be used at about 0.01 to 100 mM; fusidic acid at about 0.01

to 10 mM; mefenamic acid, 2,2’ ,6',2"-terpyridine and

betamethasone acetate, each, at about 0.01 to 5 mM; monensin

and 'mevinolin,' each,: at about 0'.0.1 to 1mM, and tiglic acid

at about 1 to 500 mM.

EY

Use of the above descrlbed reacticn accelerator has made

. .. o

':,it possible to reduce the amount Of the enzyme which acts upon

~ free cholesterol as a substrate, to one severalth or to one

several tenth'. When the enzyme is used in the same amount,

on the other hand, the reaction accelerator can shorten the

reaction time.

In the above-described pretreatment by the enzyme which
acts upon free cholesterol as a substrate (and also by the
reaction accelerator, if needed), it is also possible to use
other enzymes (with exclusion of those 'giving substantial
influence to lipoproteins) andsalts, buffers forpHregulation,
surfactants (with exclusion .°f those giving substantial

influence to lipoproteins), preservatives, proteins such as

11



album_in, and agents having affinity to specific lipoproteins,
" such as antibodies, antibiotics, saponins, lectins and
polyanions to exteni:s not causihg agglutination of the_ specific
1ipoprotein_, such that the action of the enzyme 'is adjusted
withoi;t impairing. the specificity of the measuremént.
| In the present i_nventidh . those containing i:he following
ingrédients can, therefdre. be used as bretreatment agents foi'
measu:;'ing_ cholester_o_l_ é_xisi:ing ih _spedific lipoproteins in
samples. ' |
('Es sential ingredients).
Enzymes which ac_ﬁ upon free chol'esterol" as a substrate,
for example, cholesterol dehydrogenaée arid cholesterol
oxidase.
(Optiénal inéredi;nts)
Reaction accelefators, for example, flufenamic acid,
mefenamic acid, 2,2',6',2"-terpyridine, tiglic acid,
fusidic acid, betamethasone acetate, .1r.|onensin _énd
mevinolin.
(Other ingredients)
.coenzymes such as NAD, other enzymés such as peroxidase,
catalase, diaphorase an.d ascorbate oxidase, acids such
as pyruvic acid, salts, buffers for pH regulation,
surfactants giving no substantial influen;e on
lipoproteins, preservatives, proteins such as albumin,
antibodies, antibiotics, saponins, lectins, polyanions

and couplers such as 4-aminocantipyrine, oxidative color

12



developers such as hydrogen donors, e.g.. Trinder's

reagent, electron acceptors such as phenazine

methosulfate, and reductive color developers such as
nitroblue tetrazolium. | |

-In the present invention, cholestercl which exists in
a specific lipoprotein in a sample is measured after having
free cholesterol in 1:Lpoproteins consumed by the
above described pretreatment.

Any method can be used for the measurement of the -
cholesterol existing in the specific 1ipoprote1n in the sample
insofar as the method can measure the cholesterol existing in
t:he specific_ 1ipoprotein By usinag a subs_tance which.acj;s. .upon
the specific lipoprotein only. |

An’ 1llustrat1ve example of the method may comprise

--providing, as the substance which acts upon the specific
lipoprotein, a surfactant selected from po_lyoxyethylene |
alkylene phenyl ethers or polyoxyethylene alkylene
tribenzylphenyl ethers disclosed in JP 11-56395 A;. adding a
cholesterol measuring enzyme reagent in the presence of the
substance; and then measuring the amount of cholesterol reacted
in a time during which cholesterol in high density lipoprotein
out of lipoproteins preferentially reacts with the cholesterol
measuring enzyme reagent.

Examples of commercial products of the former surfactants,
polyoxyethylene alkylene phenyl ethers, can include "Emulgen

A 60" (trade name, product of Kao Corporation) while examples
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of commercial products of the latter surfactants,
polyoxyethylene alkylene tribenzylphenyl ethers, éan include
"Emuigen B66" (trade name, product of Kao Corporation).

As an alternative method, there is a method which makes
use of the modified enzymes, which are disclosedon pages 305-320
of "SEIBUTSU SHIRYEO BUNS]':.;KI (ANALYSISOF BIOLO_GICAL-SAI‘?I_’EES) ",
19(5), as substances which act only upon 'spedif ic lipoproteins,
respectivgl_y. ' .Al_though a'—_'cyg.lc;dextrin suifate and magnesium
| ::éi;loridé areusedin the method of this paper to inhibit reactions
with lipoprotein fract_j.ons "o_ther tha;n_HDi.; the .usé of the
aboVe-d-escribed"pretr'eatménf method of thié ;I.nventi.dn makes
1t no 10ngér .nec.essary td uéé such substahcés. |

Except fof thé use of the substancé whi.c_:h acté 'upori the.
specific cholesteroi, t_he method for i:he measuremént of -
_qholesterol ex.:i._s"ting-i'n .the Specific lipoprotein can be‘
practiced by'using reagents eniployed in conventiona_l
choles_terol-me_aSuring methods. Examples of ingredients which
may be contained in reagents to be used. can include enzymes
such as cholesterol esterase, cholesterol oxidase, chdlesterol
dehydrogenase, isocitrate dehydrogenase, diaphorase and
" peroxidase, color developers, coenzymes, electron acceptors,
pfotéins (albumin, etc.), preservatives, surfactants, salts,
acids, and buffers for pH regulation.

As surfactants out of the above-described ingredients,
both ionic and nénionic surfactants are usable. Illustrative

are polyoxyethylene alkyl ethers, polyoxyethylene alkylphenyl

14



et_hers, polyoxyethylene-polyoxypropylene condensate,
polyoxyethylene alkyl ether sulfafes, alkylbenzenesulfonate
salts, and bile acid salts. The ainount of the surfactant to
be us.,edl varies depending on the compou_nd. The surfactant may
however be used in 0.0001% to 5%, .preferably in 0.001% to 5%,
although nd particular limitation’ is imposed thereon.

No particular limitation is imposed on the buffers.

~ Conventional buffers such as Good's buffer, phosphate buffer,

Tris buffer and' phthalate buffer are uséble. The buffer may
be used at 0.005 M to 2 M, preferably 0.01 M to 1 M, although
no particulér limitation is imposed thereon.

| The method for quant;'.t-a'l:ing cholesterol in 'al specific
lipoprotein fraction by the pré-sent invent-ioﬁ typically

comprises _ﬁ‘irstly add'ing a pretreatment agent, whidfr acts upon

free cholesterol only, into a measureing sample and causing

" the pretreatment agent to act upon the sample, and then adding

and mixing a cholesterol measuring reagent (he.feafter called
a "quantitation reagent”), which contains a substance capable
of acting upon the specific lipoprotein and a reagent employed
for a conventional cholesterol-measuring method, to measure
the amount of cholesterol in the specific lipoprotein fraction.

Specific examples can include, but are not limited to,

a method which comprises mixing cholesterol dehydrogenase and

a coenzyme (NAD) with a sample and then adding a

cholesterol-measuring reagent which comprises cholesterol

esterase and cholesterol oxidase; a method which comprises

15



mixing cholesterol dehydrogenase and NAD with a sample and then

adding a cholesterol-measuring reagent which comprises

cholesterol esterase; a method which comprises mixing a sample
and cholesterol oxidase together with peroxidase, 4-amino
antipyrine or cataiase and then adding a cholesterol-measuring

reagent which comprises choles terolesterase; andamethod which_

comprises mixing a sample and cholesi:erol oxidase together with

peroxidase, A-aminoani:ipyrin’e; etc. and then adding a

- cholesterol-measuring reagent which comprises Cholesterol

estérase, cholesterol dehydrogenase 'and NAD..
| Examples ‘of the method for measuring cholesterol in a

specific lipoprotein fraction can include a method making

combined use of cholesterol esterase and cholesterol oxidase
f"-'_':a,s‘ 'a.r:.jmenzym‘e reagent and a method making combined use of
' cholesterol esterase and cholesterol dehydrogenase, 'although .

- known enzyme assays are all usable.

I_n the pr_esent invention, the enzyme for use in the first
reaction as the pretreatment reaction and the enzyme for use
in the measurement of cholesteroi as the quani:itation method
through the second reaction may be either the sa.me or different.
Further, the enzyme may be used in an excess amount in the first
reactionand may alsobe use.d in the secondreaction . Inessence .
it is only necessary to consume free cholesterol, which exists
in Ia small amount on lipoprotein surfaces, (first

reaction/pretreatment reaction) and then to bring the reaction

system into a state, in which the enzyme acts only upon the

16



specific lipoprotein to be measured, so that most cholesterol
(free dholesterol + esterified cholesterol) forming the
lipoprotein can be quantitated.

Further, noparticular limitationis imposedon themethod
fér'finally'detecting cholesterol after the addition of such
a 'cholésterol-measuring enzyme reagent. It ispossible touse,
for example, absorptiometry in.which detection is conducted
'-by combining perbxidase with a dhromogen or diaphorase'or aﬁ
ele_cti'qn acceptor with a reductive color'-developing reagent;
ora inethod_ in whidh a coenzyme or hydrogen peroxide is directly
detected. The coenzjmg may be amplified by a coenzyme cycling
é&stém;" o

_Topxacticethemethédofthépresentinventionwithease,
it is_preferred to use a quantitation.kit which is suited for
measuring choleétéfol in the specific lipoprotein.

Although such kits can bé readily designed based on the
above exp1anation, their examples will be described next by
dividing them into those making use of cholesterol oxidase and
thosemakinguse of cholesterol dehydrogenase as typical example
of enzymes which act upon free cholesterol as a substrate.

[Kifs making use of cholesterol oxidase]
(a) A quantitation kit for cholesterol in a specific
lipoprotein, comprising the following reagents (1) and (2):

(1)_a first reagent comprising cholesterol oxidase and

ahydrogen peroxide consuming substance (and further comprising

a reaction accelerator in some instances); and

17



(2):a second reagent comprising a substance which acts
upon the specific lipoprotein only, cholesterol esterase, and
a color developer. |

(b) A quantitation kit.for cholesterol in a specific
lipoprotéin,_comprising the following reageﬁté (1) and (2):_

(1) a first reagent comprising cholesterol oxidase,
cholesterol esterase, and a hydrogen peroxide consuming
substance {(and further cbmprising-a reaction accelerator in'“.
some iﬁstanceS); and | -

(2) a second reagent cqmprising a substance which acts
upon the specific 1i§qprotein only, and a co;or developer.
(c) Alquantitation kit for choiesterol in.a specific
lipoproteih, comprising the following reagents (1), (2) and
(3-).:.- o T
""_E(ijla,first'reagént comprising cholesterol'oxidase and
aﬁy&?ogenperoxi@eéonsumingSubstance(andfurthercomprising

a reaction accelerator in some instances):

(2) a sécond.reagent comprising a substance which acts
upon the specific lipoprofein only; and

(3) a third reagent comprising chqlesterol esterase and
a color developer.

In the above-described kits, the term "hydrogen peroxi'de
consuming substance” means a substance which.consumes and
elimiriates hydrogen peroxide produced by the réaction between
cholesterol oxidase and cholesterol. Illustrative are

catalase, couplers such as 4-aminoantipyrine, and

18
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oxidative-reductive color developer agents including hydrogen
donors suchlas Trinder's reagent.

Among these, a coupler such as 4-aininoantipyrine and a
hycirogen donor such as Trinder's reagént develop a coior when

reacted, in combination, with hydrogen peroxide, and are usable

" as the color developer in the above-described reagent (2) or

(3). As the reagent (1) for use in the pretreatment step
according to the present invention, it is preferred to use only

one of acoupler and ahydrogen donor and tohave hydrogen peroxide

consuméd through a non_-_col_or,.__,ﬂ,.ev_eloping reaction. Needless
to say, it is also possible to subject hydrogen. peroxide to

aécolor-developing reaction and then to make an adjustment to

a measured value [this adjustment can be made by subtracting
the intensity of a color, which is developed by the reagent
(1), from the intensity of a color developed by the reagent

(2) or the reagent (3)].

[Kits making use of cholest_er_ol de_h_ydrogenase]

-{d) A quantitation kit for cholesiéerol in a specific
lipqprotein, comprising the following reagents (1) and (2):
(1) afirst reagent comprising cholesterol dehydrogenase
and a coenzyme({and further comprising a reaction accelerator
in some instances); and
(2) a seco.nd reagent comprising a substance, which acts
upon the specific lipopfotein only, and cholesterol esterase.

(e) A guantitation kit for cholesterol in a specific

lipoprotein, comprising the following reagents (1) and (2):

19



,(1)afirstreagentcomprisingcholesteroldeﬁydrogenase
and a coenzyme{and further comprising a reaction accelerator
Iin some instances); and

(2) a second reagent comprisihg-a substance which acts
upog the specific lipoprotein only, cholesterol okidase,
cholesterol esterase, peroxidase, and a cbioi develqper.

(£) A quahtitation kit for_cho;esterol'in a specific
lipoprotein, comprising'the following reagents (1) ané (2):

(1)afirstrbagentcomprisingcholesteroldehydrogenaée,
a coenzyme, and cholesterol“esterase(and further comprising
a reaction accelerator in some instances); and |

(2) a second reagent compiising a subétance which acts
upon the specific lipoprotein only.

(Q) A guantitation kit for cholestérol.in a specific
lipoprotein, comprising thé following reagents (1) and (2):

(1)afirStreagentcomprisingcholesteroldehydrogenase,
a coenzyme, and cholesterol esterasé(and further comprising
a reaction acceierator in some instances); and

(2) a éecond reagent comprising a substance which acts
upon the specific lipoprotein only, cholesterol oxidase,
peroxidase, and a color developer.

(h) A quantitation kit for cholesterol in a specific
lipoprotein, compiising the following reagents (1), (2) and
(3):

(1)afirstreagentcomprisihgcholesteroldehydrogenase

and a coenzyme(and further comprising a reaction accelerator

20
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in some instances);
(2) a second reagent comprising a substance which acfs
upon the speéific lipoprotein only: and
(3) a third reagent comprising gholesterol esterase.
(i) A quantitation kit for chblesterol in a specific
lipoprotein, comprisiﬁg the folloWiné feagents (1), (2) and
{(3): | .
(1)afirstreagentbomprisingcholesferoldehydrogénase
and a coenzyme(and further comprising a reaction ac¢eleratorl
in some ihstances);
(2) a secoﬁd reagent'cdmpfising a substance which aéts
uéon*the sbecific lipoprdfein only: and '
(3) a third reagent comprising cholesferol oxidase,
éholesterol esterase, péroxidase,_and a color devéloper.
(j) A_quantitation kit for cholesterol in a specific
1ipoproteiﬁ, comprising the following reagents (1) and (2):
(1)afirstreagentcomprisingcholesteroldehydrogenase;
a coenzyme, and a coenzyﬁe reaction product consuming
substance(andfﬁrthercomprisingareactiqnaccelerator1nsome
instances); -and
(2) a second reagent comprising a substance, which acts
upon the specific lipoprotein only., and cholesterol esterase.
(k) A quantitation kit for cholesterol in a sbecific
lipoprotein, comprising the féllowing reagents (1) and (2):
(1)afirstreagentcomprisingchblesteroldehydrogenase,

a coenzyme, and a coenzyme reaction product consuming
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substance(and further comprisingareaction accélerator in some

instances); and

(2) a second reagent comprising a substance which acts

- upon the specific lipoprotein only, cholesterol esterase; and

a color deveJ.oper.

In the above-described kits making use of cholesterol
dehydrogenase‘, the term "coenzyme reaction product consuming
substancé " means a substance which converts a reduced coenzyme

(for example, NADH), which occurs through the reaction among

- cholesterol, cholesterol dehydrogenase and a COenz_yme_ (for -

exémple, NAD), back info‘ the original coenzyme. Illustrative
ié a combiﬁatioh .of : 1actaté "dehydrogenase- and pyruvic acid

(substrate). Ineachof the above-describedkits, thereaction
préduct of the coenzyme is produced by the addition of the reagent
(1). In each of the kits (d), (£). (h) and (j) out of the

above-described.kits; light of the séme wavelength as a color
developed by the addition of the reagent (1) may be measured

in the measurement stage without advance 'consumptidn of the

‘reaction product. In this case, however, it is necessary to

quantitate the cholesterol in the specific lipoprotein by
subtraqting the in'tensitf of a color, which is developed in
the pretreatment stage in which the reagent (1) is added, from
the intensity of a color developed by the reagent (2) or the
reagent (3). As an alternative, it may also be possible to
add beforehand the substance, which consumes the reaction

product, to the i‘eagent (1) and subsequent to consumption of
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the reaction product.. to add the reaQent {(2) or the réaée'nt'
(3) for the development of a color. In this case, addition
of a substance, which reduces the action of the substance which
consumes the reaction produet ., to the reagent (2) or the reagent
(3) is prefer_red. In each of the kite (e). (g). (I) and (k),
on the other hand.. it is not absolutely necessary to subtract
the intensity of the color, which is develoéed in the
pretreatment stage, from the color intenSity meesured in the
measurement stage, because in themeasurement stage ,. a.develloped
color of e wevelength different from_the color developed in
the pretreatment stage is ﬁleaSured.

| It is to be noted that the application of the
above-mentioned :eaction accelerators, suchas flufe'namic acid,
mefenamic acid, 2,2',6',2"-terpyridine, tiglic acid, fusidic
acid, betaxnethasone acetate, moriensin andmevinolin, is limited
neither to the pretreatment method or agent of the present
invention nor the quantitation method or kit of tﬁe present
invention for cholesterol in a specific 1ipoprotein, said
quantitation'method or kit making use of the pretreatment method
or agent.

If a reaction accelerator such as fulfenamic acid is
allowed. to exist concurrently upon conducting a. cholesterol
guantitation method making use of an enzyme which acts upon.
free cholesterol as a substrate, for example, a free cholesterol
quantitationmethodmaking combineduse of cholesterol oxidase,

peroxidase, acolor developer and the like or a total cholesterol
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quantitationmethodmakingcombineduseofeholesteroloxidase,
cholesterol eeterase; peio#idase,-a color developer and the -
iike, it is obviously possible to bring about advantageous
effects such that the amount of the enzyme to be.used, said
enzyme being capable of acting upon free eholestefol as a
substrete and being cholesterol oxidase in the

- above-exemplified method, can be reduced and the time of the
enzymatic reaction can be shortened.

Further, reference to the'discioeure of this
specification on the cholesterol quantitation.method (for
example,selectionofasurfactanttelimitatargetofesbecific
1ipoprotein to be measured) makes it possibie to more |

speeifically design a quantitation method as desired.

Industrially Applieability

The present invention has mede it pbssible to efficiently
quantitate cholestefol in a specific fraction by simple
procedures without ﬁs ing a polyanion or the like, to say nothing
of a mechanical pretreatment such as centrifugation. As the
methods of the present invention do not form a precipitate which
would otherwise occur by the addition of the polyanion or the
like, measuring apparatus (especially, cﬁvettes) and the like
remain free of a tarnish and moreover, measured values also
remain free of scattering. Themethodsaécordingtothepresent
invention are, therefore, superior to the conventional

cholesterol measuring methods.
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Furjther_:', as will be demonstrated in subsequent Examples,
' measuremeﬁt values showing a high correlation with.these
obtained by the conventional precipitation method can be
obtained even with respect to samples_with'high triglyceride
levels. Therefore, the methods aecoreing to the present
invention are also excellenf in that they are applicable te
various samples witheut limitafion.

.Ih'addition; the use of the reaction accelerafor'makes
it possible to use the enzyme, which ects upon free cholesterol
as a substfate, in a smaller amount in the pretreatment stage.

As has been'described above, the methode according to
tﬂepresehtinventionperﬁitaccurateandspecificmeasurements
of a'va:iety of samplee_bf simple'prpcedures_whlle using'the
sampleé_ in emali quant_ities . Accordingly, -tiley can be appiied
to various aufomated analyzers and are also extremely useful
~ in the field of clinical tests.

The ﬁresent invention will next be described in further
detail by the Exemples. It should however be borne in mind
thatthepresentinﬁentionisbynomeans1imitedtotheExamp1es.
Example 1

With respect to each of 30 serum samples centaining'
lipoproteins, the cholesterol in HDL was quantitateﬁ_by the'
below-described method according to the present invention and
the precipitetion.method, and the measurement values were
compared. |

(Invention method)
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10 mM phosphate nuffer (First Reagent; pH 8.5) (300 &
L), which contained 0.1 U/mL cholesterol dehydrogenase (prbduct
of Amano Pharmaceutical Co., Ltd.), 2.5 mM NAD and 0.03%
4-aininoantipyrine, wa's added to each sample (3 UL)
(pretreatment). About 5 minutes later, a cholesterol
quantitation 'i._'eagent .(Second Reagent) (100 u4L) - which was
composed of 100 mMMES buffer (pH6) containing 1% "Emulgen B-66",
1.3 U/tnL choiestero_l esterase (product of Asahi Chemicai
IndustryCo., Ltd._') . 2U/mL cholesterol oxidaée(product of Asahi
Chemiqal Indnsi:ry Co., Lfd.-) . 5 U/mL peroxidase (product of
foyobo Co., Ltd.) and 0.04% -disulfobutylmetatoluidine - Waé
aéded. .

| Just before the addition of the Second Reaé‘é‘_nt and upon.
an _el&psed time of fi;re_minutes after the addition, the
absorbance was .measured at 600 nm. From a difference in
absorbnnce, the concéntration of HDL cholesterol in the serum
sample was determined (2-point method). As a calibration
substance, a control serum sample wifh a known concentration
of HDL cholesterol was used. The above procedures were
conducted .using "Hitachi 7150 automated analyzer ".
(Precipitation lnethod)

"HDLC 2 'Daiichi’ Precip-it:ani:'I {product of Daiichi Pure
Chemicals Co., Ltd.) (200 4#L) was mixed with the sample (200
4L), followed by centrifugation at 3,000 rpm for 10 minutes.

Thé supernatant (50 4 L) was collected, follo\&ed by the mixing

with a cholesterol quantitation reagent (3 mL) composed of 100
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mM MES buffer (pH6.5) cpntai_ning 1% Triton X-100, 1 U/mL

cholesterol esterase, 1 U/mL cholesterol oxidase, 5 U/mL

peroxidase, 0.04% disulfobuty;metatoluidine and 0.04%

4-aminoantipyrine. After t'he i:esulting mixture was incubated

at 37C for 10 minutes, its absorbance at 600 nm was measured

to determine the concentration of the choiesterol in HDL.
(Results) |

The results are shown in Table 1 and FIG. 1.
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Table 1

Sample No. Precipitation Invention _ Sémple No “Precipitation Invention
method (mg/dL) | method (mg/dL) i method (mg/dL) | method (mg/d4L)
1 73 72 : 16 - 54 54
2 39 39 17 " 45 . 47
3 53 52 18 60 59
4 54 54 19 50 52
5 57 58 20 58 56
6 75 71 21 38 39
7 51 51 22 56 55
8 52 50 23 35 37
9 43 43 24 29 31
10 58 58 25 63 60
11 59 - 59 26 51 50
12 49 51 27 33 36
13 44 46 28 52 51
14 70 65 29 65 63
15 35 38 30 47 49
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As is readily envisaged from the results, thé invention
method, despite the omission of a polyanion or the like, showed
an extremely good correlation with the conventional
precipitation method.

Example 2

' Measurements were conducted by another method of thé
present invention, which was similar to the invention method
conducted in Example 1 except that in the first reagent,
cholesterol dehydrogenase, NAD and the phosphate buffer were
replaced by 5 U/mL c'hole'sterol".'oxidase (product of Toyobo Co.,
Ltd.), 5 U/ni peroxidase (product of Toyobo Co., Ltd.) and 100
mﬁ MES buffer (bH 6). The measurement values were compared
with thése obtained by the precipitation method in Example 1.

(Results)

The results are shown in Table 2 and FIG. 2.
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Table 2

Precipitation Invention - ; Precipitation. |- Invention
Sample No. method (mg/dL) | method (mg/dL) | Sample No. method (mgjdL) method (mg/dL)
1 73 73 16 54 54
2 39 38 - 17 45 . 47
3 53 52 18 | 60 o 61
4 54 56 . : 19 50 ) 50
5 57 : 57 20 58 55
6 75 74 21 : . 38 ' 37
7 51 52 ' 22 ' E 56 56
8 52 : 50 23 35 35
9 43 44 ; 24 29 ' 29
10 58 58 25 63 I : 61
11 59 57 26 51 - 52
12 49 51 27 33 33
13 44 45 - 28 52 , 52
14 70 69 : 29 ' . 65 66
15 35 37 . 30 47 _ 46
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As is readily envisaged from the results, the invéntion
method, despite the omission of a polyanion or the like, showed
an extremely good correlatioh with the conventional
precipitation method.

. Exam'ple 3

Using the reagents of Example 1 and Example 2, £five serum
Sampies of different fri‘gl’yceride levels were measured. The
measurement values were then compared with' those obtained by

the precipitation .method. The results are shown in Table 3.
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Table 3

Invention method in

Precipitation - Invéntioﬁ method in Triglyceride

method (mg/dL) Example 1 (mg/dL) Example 2 (mg/dL) level (mg/dL)
Sample A | 47 | 49 49 198
Sample B 49 50 49 301
Sample C 26 27 24 742
Sample D 60 61 61 517
Sample E 37 40 36 428
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" As is shown in Table 3 measuremeﬁt values of comparable
1e\}els with those obtained bj the conventional method weré also
obtained by the present invention with reSpect to the samples
of the high triglyceride levels.

' Example 4 . |

Measurements were conducted in. a similar manner as in
Example 2 except that in fhe first reagent, | 5 U/mL cholesterol
oxidase was changed to give x;eageqt compositions of the
ingredient cbn_centrations and combinations shown below in Table
4. The measurement values ﬁére compared with those obtained
by tbe precipitation method and also with those obtained by
tile invention method (standard test system) of Example 2. |
Incidentally,asa Sécond_péagent . the same reagént as the secohd
reagent employed in Example 1 was uéea-. The results ai:e shown

_in Table 5.
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(Compositions of testing reagents)

Table 4
Test Contents of composition
system
Cholesterol oxidase
| Standard (5 U/mL)
R Cholesterol oxidase
(1 U/mL) .
B Flufenamic acid + cholesterol oxidase
(0.15 mM) (1 U/mL)
e Mefenamic_acid + cholesterol oxidase
_ (0.1 mM) (1 U/mL)
D 2,2',6"',2"-terpyridine + cholesterol oxidase
(0.5 mM) (1 U/mL)
& Tiglic acid + cholesterol oxidase
(50 mM) - (1 U/mL)
F Fusidic acid + cholesterol oxidase
: (0.1 mM) ' (1 U/mL)
G Betamethasone acetate + cholesterol oxidase
(0.2 mM) : ' (1 U/mL)
g~ | Monensin + cholesterol oxidase
R (0.2 mM) (1 U/mL)
o T Mevinolin + cholesterol oxidase
- : (0.05 mM) (1 U/mL)
(Results)
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Table 5

Precipitation Test system (mg/dL)
Sample method ' ' _ -

(mg/4L) Standard| A B c D E F G H I

1 80 77 72 77 68 76 74 74 74 74 76

2 76 74 72 74, 64 73 71 73 74 74 73

3 75 72 70 72 . 66 71 70 70 70 71 71

4 71 72 71 70 66 69 69 71 69 71 72

5 71 70 70 69 61 68 67 68 70 69 70
6 71 70 67 70 | 63 68 68 67 69 70 68

7 69 66 63 66 61 65 65 65 64 65 66

8 67 69 70 68 60 68 67 66 69 68 68

9 66 65 65 65 .| 59 65 64 63 65 65 65

10 65 65 64 65 58 65 64 62 | 64 65 63

11 57 58 56 57 54 57 . 56 57 57 58 57

12 56 56 55 55 49 55 54 53 55 55 55

13 54 55 54 '55 50 54 53 53 53 54 54

14 53 54 54 52 46 53 52 52 54 52 53

15 52 53 52 | 51 | 47 52 51 49 52 51 52

16 51 53 51 50 46 50 51 49 51 51 51

17 49 50 48 48 44 47 48 47 48 48 49

18 47 48 48 46 41 46 46 45 47 47 47

19 45 46 .48 44 38 46 43 45 | 47 47 | 46

20 47 47 49 45 40 46 45 45 48 47 47

21 42 44 44 43 39 43 42 41 43 44 43

22 39 42 43 41 37 41 | 41 39 41 41 41

23 32 35 36 33 31 36 34 32 34 34 33

24 18 20 22 19 17 | 23 19 18 21 20 19

25 40 42 42 41 38 45 41 40 41 42 41
Correlation coef. - 0.996 [0.990/0.998]0.992]0.995]/0.997[0.997/0.994}0.995]0.997
Slope 0.905 |0.838|0.941]0.832}0.856]0.888[{0.915]|0.877/0.891(0.,917

Intercept 5.6 8.7 | 2.6 3.4 7.5 4.6 2.8 6.3 5.7 4.1
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When the amount of cholesterol oxidase was reduced to
one fifth (the test system A) compared with the standard test
system (Example'Z); the corfelatibn coefficient slightly
de'cline.d and the value of intercept slightly increased. When
the reaction accelerator was used, however, results |
substantiallycomparablewdththosebfthestandardtestsystem
were obtained even when the amount of cholesterol oxidase was
one fiftil. . It has hence become evident £from these results fhat
the use of a.reaction acceleratér'makés it possible to redﬁce
the amount of cholesteroi oxidase to be used.

Example 5

. Reagents J to L shbwn below in Table 6 were prépared,"
yh;chcommonlyéontainédi.25U/mLperoxidasé(pr&éuéé&fTbyobo_ 
Co.,‘Ltd.),__l o._bi% 4-aminoantipyrine, 0.02% disulfo |
butYi-m;'toluidin_e and 50 mM NaCl and were different from each
other in the kind énd pH of buffer and the concentfations of
cholesteroloxidase(productofTOYOboCo.,Ltd;)andfulfenamic

acid (product of Sigma Chemical Co.).
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Table 6

@ Buffer (pH)
Reagent @ Concentration of cholesterol oxidase

® Concentration of fulfenamic acid

@D 50 mM Bis-Tris (pH 6.0)
J : @ 0.5, 1.0, 2.5, 5.0 U/mL
® 0, 0.01, 0.05, 0.1 mM

® 50 mM PIPES (pH 7.0)
K {@0.5, 1.0, 2.5, 5.0 U/nL
@0, 0.1, 0.5, 1.0 mM

® 50 mM MOPS (pH 8.0)
L @o0.5, 1.0, 2.5, 5.0 U/mL
@0, 1.0, 5.0, 10.0 mM

Reagents J toL (300 2L} wére separateiy added to aliquots
(3 #L) of each serum s'ample'. ‘After the resuitant mixtures were
incubated at 37C for 5minutes, their absprbances were measured
at600num. Theaboveprocedures we:fe conductedusing the Hitachi
7150 automated analyzer.

Four serum samples were measured with Reagents J to L.

With respect to each of Reagents J to L, relétive
absorbances were calculated for the individual concentrations
of cholesterol oxidase and fulfenamic acid by assuming thé.t
the absorbanée obtained wifh a reagent cbntaining 5.0 U/mL
cholesterol oxidase and 0 mM fulfenamic acid was 100.

(Results)
Result; , Wwhich had beenobtained by averaging the relative

absorbances of the four samples, are presented in FIG. 3, in
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which "COD" stands.fof cholesterol oxidase.

As is readily apprediated- from the results, the relative
absorbancé increased depending upon the concentration of
fulfenémic acid irrespective of the pH. It has, therefore,
been cénfirmeﬂ.that the use of the reaction.accelérator'makeé
it possible to redﬁce the amount of ch¢lesterol oxidgse to be
used.

It has also become-clear that the reaction_acéeléfafor
isalsdusaﬁleiﬁamethodforthemeasuremgntoffréecholesterol
- or total cholesterol; v}hich makes use of an enzyme which acts

upon free cholesterol as a substrate.
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This Sheet Has Been Replaced -
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1. A method for pretreating a sample, which contains

|

c1aims :

various lipoproteins, prior to measuring cholesterol existing
in specific one of said lipoproteins in said .sample, which
comprisés causing an enzyme, which acts upon free:chole'st'erol
as a substrate_, to act ilpbn said sample. |
2. A method for p'retréating a sample, which cohtains

various lipOproteins . p:f:ior to me&sﬁring cholesterol existing
in specific one of said lipoproteins iﬁ said sample, which
comprises causihg an enzyme, whiéh act.s updn free cholesterol
as a substrate, and a re_action-accélerator, which is selected
f;:om flufenamic acid, mefenamic aé_id, 2 ,2',6',2" -térpyrid_ine ,
tiglic acid, fusidic acid, betamethasone acetate, monensin or
mevinolin, 't.o ‘act upon said sample.

3. Apretreatment method according tb claim 1l or 2, whére_in
said enzyme ié cholesterol oxidase or cholesterol
dehydrogénase .

4. A mefhod for guantitating cholesterol existing in a
specific lipoprotein in a sample, which comprises causing an
enzyme, which acts upon freé cholestero:!. as a substrate, to
act upon said sample with said lipoprotein contained therein;
and then measuring said cholesterol, which exists in said
specific lipoprotein, bj using a substance which acts upon said
specific lipoprotein only.

5. A metﬁod for quantitating cholesterol existing in a

specific lipoprotein in a sample, which comprises causing an

I
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. enzyme, which acts upon free cholesterol as a substrate,, and

areaction accelerator, which is selected from £1uf enamic acid,
mefenamic acid, 2,2',6',2"-terpyridine, tiglic acid, fusidic
acid, betamethasone acetate, monensin or mevinolin, to act upon
 said sample with said lipoprotein contained therein; and then
measuring said choiestérol, | which exists in said speci_fic
lipoprotein, by usinga su.l.:st.ance which acts upon said specific
lipopfotein only.

6. A quantitétion method according to claim 4 or 5, wherein
said enzyme 1s cholestérol 'qxidase and/or cholesterol
dehydrogenase. |

| 7. A quantitation method according to any one of claims
4-6, wherein said specific lipoprotein is high density
lipoprotein. |

8. A pretréatment agent for a sample to be measured for
cholesterol, comprising an enzyme, v.vl'.lich acts upon free
cholesterol as asubstrate, and substantiallyno substancewhich
écts upon lipoprotein. |

9. A pretreatment agent for a sample to be measured for
chollesterol-, comprising an enzyme, which acts upon free
cholesterol as a substrate, a reaction accelerator which is
selected from flufenamic acid, mefenamic acid,
2,2',6",2"-terpyridine, tiglic acid, fusidic aciqd,
betamethasone acetate, monensin or mevinolin, and
substantially no substance which acts upon lipoprotein.

10. A pretreatment agent for a sample to be measured for
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cholesterol, comprising an enzyme, which écts upon free
Qholesterbl as a substrate, and substantially no cholesterol -
esterase. |

11. A pretréatment agent for.a sample td be measured for
cholesteroi, gomprising an enzyme, which édts upon free
- cholesterol as a substrate, a reaétion accelérator which is .
selected from flufenaﬁic acid, mefenamic acid,
2,2',6',2"-terpyridine, tiglic écid,'fusidic acid,
'betamethasohe acetate, monensin or mgvinoiin, and |
substantially no.cholesterol eéterase.

12. A prétreatment agent according to any one of cléims
3:10, wherein said enzyme is cholesterol dghydrogénase or
cholesterol oxidase.

13. A quantitation kit for cholesterol in a specific
‘lipoprotein, comprising thé following reagents:

(1) a first reagent ¢omprising cholesterol oxidase and
a hydrogen peroxide consuming substance: and

(2) a second reagent comprising a substance which écts
uponéaidspecificlipoproteinonly,cholesterolesterase,and
a color developer.

l14. A quantitation kit for cholesterol ih a specific

lipoprotein, comprising the following reagents:
'(1)afirstreagentcomprisingcholesteroldehydrogenase
and a coenzyme; and
(2) a second reagent comprising a substance which acts

upon said specific lipoprotein only, and cholesterol esterase.
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15. A quantitation kit for cholesterol in a specific
lipoprotein,.comprising the foilowihg reagents:

(1)afirstreagentcdmprisingcholesteroldehydrogenase
and a coenzyme; and |

{(2) a second reégent comprising a substance which acts
upon said specific lipoprétein-only; cholesterol-oxidasg,
"cholesterol esteraée, peroxidase, and a color develope:;

16. A quantitation kit for cholesterol in a'séecific
1ipoprotein,wcomprising the following reagents:

(1) a first reagent comprising chOlesterol-o#idase.
cholesterol esterase, and a hydrogen peroxide consuming
substance- and

(2) a second reagent dompriéihg a substance wh;ch'acts
upon said specific 1ipoprotein only; and a color developer.

17f A quantitation kit for cholesterol in a specific
llipoprotein, comprising the following reagents:

(1)afirstreagentcomprisingcholesteroldehydrogenase,
a coenzyme, and cholesterol esterase; and : é

(2) a second reagent comprising a substance which acts
upon ;aid specific lipoprotein only. |

18. A quantitation kit for cholesterol in a specific
lipoprotein, comprising the following reagents-

(1)afirstreagentcomprisingcholesteroldehydrogenase.
a coenzyme, and cholesteiol esterase; and

(2) a second reagent comprising a substance which acts

.. upon said specific lipoprotein only, cholesterol.oxidase.
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per0xidase, and a color developer.
19. A quantitation kit for cholesterol in a specific
lipoprotein, compriSing rhe_following reagents:
(1) a first reagent compriéing_cholesterol oxidase and_
a hydrogen peroxide consuming substance;
(2) a second reagent comprising a substance which acts
upon said specific 1ipoprotein_only;.and
(3) e' third reagent coinprising cholesterol esterase and
a color developer.
20. A quantitation kit for cholesterol in a specific
lipoprotein, comprising the follow1ng reagents-
. (1)afirstreagentcomprisingcholesteroldehydrogenase
and a. coenzyme;
| (2) a second-reagent.comprising a substance which_actS'
‘upon said specific.lipoprotein only: and
(3) a rhirdhreagent comprising cholesterol esterase.
21. A qcantitation kit for cholesterol in a Specific
lipoprotein, comprising the following reagents:
(1) afirst reagent comprising cholesterol dehydrogenase
and a-coenzyme;
(2) a second reagent comprising a substance which acts
upon said specific lipoprotein only; and
(3) a third reagent comprising cholesterol oxidase,
cholesterol esterase, peroxidase, and a color developer.
22. A quantitation kit for cholesterol in a specific

lipoprotein, comprising the following reagents:

/

T



(1)afirstreagéntcomprisingcholesteroldehydrogenaSe,
_ acoenzyme,ahdécoenzymereactionproductconsumingsubstance;
and

(2) a second reagent cbmprising:é substance which acts
upohsaidspecificlipopxoteinonly,andcholesterolesterase..

23. A quantitation kit_fbr cholesterol in a specific
libopfotein, comprising thé following'reagents: _

(1) afirst reagent comprising cholestero_l dehydrogenase .
acoénzyme,andacoenzyméreactionpro@uctconSumingsubstance;
and |

{2) a second reagent.compfising a substange which acts
u_;pon sa.'_ld specific lipoprotein only, cholesterol esterase, and
a color developer. |

| 24. A quantitation kit for“cholesterol in a specific
1ipoprotein; comprising the foliéwing reagents:
| (1) a first reagent comprising (a) cholesterol oxidase,
(b) a reaction'accelefator selected from flufenamic acid,
mefenamic acid, 2,2°,6"' ,2'-ter§yridine. tiglic acid, fusidic
| acid; betamethasone acetate, monensin or mevinolin, and iéf’
a hydrogen peroxide cbnsuming substance; and .

(2) a second reagent comprising a substance which acts
uponsaidspecificlipoprotetnonly,cholesterolesteraée,and
a color developer.

25. A qguantitation kit for cholesterol.in a specific

lipoprotein, comprising the following reagents:

(1) a first reagent comprising (a) cholesterol
S
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dehydrogenase, (b) a reaction acgelerator selected from
flufenamic acid, mefe@amic acid, 2,2‘,6‘,2"-terpyridine,
tiglic acid, fusidic acid, betamethésone acetate, monensin or
mevinolin, and (c) a_coenzfme: and
'(2) a second reagent.comprising a substance which acts
uponsaidspeéificlipoproteinonly,andcholesferolesterase.
'26. A quantitation‘kit-for cholesterol in a specific
lipoprotein, comprising the following reagents: -
(1) a £irst reagent comprising (a) Cholesterol.oxidase,
(b) a reaction accelerétdr-selected from flufenamic acid,
mefenamic aci_d; 2,2',6',2" -té:pyridine . tj.glic" é.cid, fusidic
aéid, betamethasone acetate, monensin or mevinolin, (c)

éholes;érol:esterase, and (d) a hydrogen peroxide consuming

L s

éubstance{.and'
kZ) a secon& reagent comprising a substance, which acts
upon said specific 1iboprotein only, and a colbr developer.
27. A quantitation kit for cholesterol in a'spedific
lipoprotein, comprising the folloﬁing reagents:

(1) a firét reagent comprising (a) cholesterol
dehyd:ogenase, (b) a coenzyme, (c) a reaction accelerator
selected from flﬁfenamic acid, mefenamic acid,
2,2',6',2"-terpyridine, tiglic acid, fusidic acid,
betamethasone acetate, monensin or mevinolin, and (d)
cholesterol esterase; and

(2) a second reagent comprising a substance which acts

upon said specifiq lipoprbtein only.

-
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28. A quantitétion kit for chélesterdl in a specific
lipoprotein, comprising the following reagents:

(1) a £first reagent comprising (a) cholesterol
dehydrogenase, (b) a coenzyme, (c) a reaction accelerator
- selected from_flufenamid acid, mefenamic acid, |
, 2,2',6’,2“-terpyf£ﬁine, tiglic acid, fusidic acid,
betamethasone acetate, monensip or mevinolin, and (4)
cholestefdl esterase; ahd'

(2):a second réagent.comprising a substénce'which acts
upon said specific 1i§o§rotein only, cholesterol oxidase,
perbxidase, and a color devéloper.

:_29. .A quantitatioﬁ kit for choleéterbl in a specific
lipoprgtein; comprising the folloﬁing reagenté&

(1) a _first reagent cbmprising (a) cholesterol oxidase,
(b) a reaction éccelgrator selected from flufenamic acid,
mefenamic acid, 2,2',6"',2"-terpyridine, tiglic acid-, fusidic
acid, betamethasone acétate; monensin or mevinolin, and {c)
a hydrogen peroxide consuming substance;

{(2) a second reagent comprising a substance which acts.
upon said specific lipoprotein only: and

(3) a third reagent comprising cholesterol esterase and
a color developer.

30.‘ A quantitation kit for cholesterol in a specific
lipoprotein, comprising the following reagents:

(1) a £first reagent comprising (a) cholesterol

dehydrogenase, (b) a reaction accelerator selected from
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flufenamic acid, mefenamic acid, 2,2',6',2"-terpyridine,
tiglic acid, fusidic acid, betamethasone acetate, monensin or
mevinolin, and (c¢) a coenzymne;

(2) a second reagent comprising a suﬁstance which acts
upon said s'pecifié lipoprotein only: and |

(_3) a third reagent coﬁ_tprising cholesterol ésterase.

31. A qﬁantitat‘ion kit for cholesterol in a specific
lipoprotein; cémprising the following reagents:

(1) a first reagent comprising (a) chqleéterol _
déhydrogénase. {b) a reaction accelérator_ selected from
flufenamic acid,_mefgném_ic acid, 2,2',6',2"-terpyridine,-
t::i.gllic acid, fusidic acid, betamethasone acetate, moﬁensin or
mevinolin'; and (c) a coenzyme;

Tt (2) a sec_ond reagent comprising a substance whidh acts
upon said specific '.J.ipoprotéin only: and |

(3) a third reégent comprising cholesterol oxidase,
cholesterol esterase, peroxidase, and a color developer.

32. A quantitation kit for cholesterol in a specific
lipoprotein, .comprising the following reagents: |

(lj arfifst .reagent comprising '(a) cholesterol
dehydrogenase, (b) a coenzyme, (c) a reaction accelerator
selected from flufenamic acid, mefenamic acid,

2,2',6"' ,2“-terpyridiﬁe,' tiglic acid, fusidic acid,
betamethasone ac.etate., monensin or mevinolin, and (d) coenzyme

reaction product consuming substance; and

(2) a second reagent comprising a substance which acts

47

g g



upon said specific lipoprotein only, and cholesterol esterase.

.33f A guantitation kit for choieséérol in a specific
lipoprotéin,'coﬁp?ising the fdildﬁing reagents:

(1) a first reagent'comprising (a) cholestefol
dehydrogenase, (b) a;coénzyme, {(c) a reaction accelerator
selected from flufenamic_acid,.mefenamic acid,
2,2',6',2"-terpyridine, tiglic acid, fusidic acid,

be_tamethaso'ne aéetate, mox_'xensin or mevinolin, and (4) coehzyme
reéctipn prodﬁct consuming substancé; and

(2) a second reagent comprising a substance which acts |
uponsaidspecifiqlipoproteinonly,cholesterolesteraéé,aﬁd
'_aécolor.developer.  | |

34. A reaction accelerator for an enzyme capable of act.ing .
upon free cholesterol as a substrate, which is selected from
flufenamic acid, mefenamic acid, 2,2',6',2"-terpyridine,

- tiglic acid., fusidic acid, betamethason_e acetate, monensin or
mevinolin.

35. A reaction acceleratdr according'to claim 34, wherein
said enzyme is cholesterol oxidasé or cholesterol
dehydrogenase. _

36. A method for quantitating free cholesterol, which
. comprises causing an enzyme, which acts upon free cholesterol
as a substrate, and a reaction accelerator, which is selected
fromflﬁfenamicacid;mefenamicacid,2,2',6',2“-terpyridine,
tiglic acid, fusidic acid, betamethasone acetate, monensin or

mevinolin, to act.
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'37. A method for quantitating total cholesterol, which
comprises causing at least an enzyme, which acts upon free
cholesterol as a substrate, and a reaction accelerator, which
is.sélecfed f:om'flufenamic acid, mefenamic acid, |
2,2',6'}2"Qterpyridine, tiglic acid, fusidic acid,

be‘tameth_asone acetéte', monensin or mevinolin, to act.
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